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Regulation of transcription’ -
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fie phenoyypic dilferences tha distinguish the
carious kinds of cells in a higher cukarvote are

jargely due to” dilferences’in the espression of *

nes that code fnr proteins. that is. those tran-
ccribed by ANA palvinerase . In principte. the
expression of these genes aight be wgulnled at
any one of several slages. The concept of Ihe
4evel of control™ implies that gene expression
“is pol necessarily an automalic pracess once il
pas begun. B could he regulated in-a gene-
specific way a1 any one of several sequential
deps. We can distinguish (nt teast) five poten-
fial conwol palals, farming lhe series

Activalion of geme siriciure
‘mitiation of Wanscription
Processing the lmmseripy
‘I‘ranspoit 1o evioplism

Translativn of mRNA .

The existence of the firsl slep is implied by
the discovery il genes wayx exist in either of
wo structural conditions. flelative (o the state
of nost of the gennnte, pesnes are found in
m "addive® stale in the cells in which they
are expresseil (see Chagter 27). The change of
struclure s distinel from the dct of teansesip.
lion, and indicales thal the gene is “transcrib-
able.” This suggests thal acquisiion of the
“active” structure musl be the frst step in gene
expression.

Transeription of a gene In the aclive state Is

{47

" controlled ) the siage of indtiation. that 1s. by

the interaction of RNA polymerase with its pay-
moter. This IS now becoming susceptible to
analysis In the in vitra systems {see Chapter
). For mosl gzenes. Wils IS a wmajer contvol
polnt: prabably il is the most comuion tevel of
regulation. '

There is at presemt no evidence {or control
al subsequemt stages of transeripiien in enkary-
otic cells, for esmuple. via antitermination
mechanisms.

The priman' transeript Is mmlﬁied br capping
at the 5' end. and usually also by polvadenyla. |
tion at the 3 end. Burons must be spliced out
fruin the rdnscripts of Interrupted genes. The
moture RNA must be exported from the aucleus
10 the cvtoplasim, Remdaiion of gege expression
by sefection of sequences al the level of nuclear
RNA migle bvolve any o all of these slages,
hut the une for which we have wost evidence
concerns changes in splicing: some genes are
expressed by means of alternative splicing pal-
terns whose veguhition cantrols the type or pro-
tein product (see Chapter 3u),

Fiaally. the translation of an mANA In (hc oyto-
plasm can be specificatly cantrolled. There §s litde
evidence for the employment of this mechanism in

. adult somsatic cells, bul it dues octur in some

embryonic situalions, as described in Chapter <.

= The mechanisim {5 presumed Lo invylve the block-
ing of [ntitation of translalion of some mlL'\«\s b;
specific protein factors.

Bul having acknowledged that comrol of gene
expression can occur al mulliple singes, and
thot production of RNA cannot inevilably be
equated with production of protein, it Is clear
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that the overwhelming 'majority of regulatory

.events occur at the initiotion of transcription.

Regulation ol tissue-specific gene transcription
lies at the heart of eukaryotic dilferentiation;
indeed, we see examples in Chapler 38 in
which protelns Ihat rezulate embryonic devel-
opmemnt prove to be transcription factors, A reg-
ulatory transcription factor serves o provide

Response elements identify

regulation

The principle that emerges from chardclerizing
groups of genes under comman tonirol is that
they sharc a prowoler clement that s recognized
&) a regulatory transcriplion facror. An etement
that causes & gene lo°respond to such a factor
is called 3 response element; examples are the
HSE (heat shock response element), GRE
(glucocorticoid response clement), SRE (scrum
response element).

The properties of some inducible transcrlpaion
factors and the elements that they recognize are
summarized in. Table 29,1, Response elements
have the same general characterislics as
upstream elements of promoters or enhancers.
They contain short consensus sequetices, and

“copies of the response elements found in dif-

ferent genes are closely related, but no! neces-
sarfly identical. The region Lound by the factor
extends for- &8 short distance on elther side of

Table29.1 Incucisie ranscrpton facicrs dird 1o
response clemznts that idenby gresps o promelcrs

orebancers subiect 1o cocidinate certrgl.

Repuistory Agent  Module  Consensus Factor

Ghococonticord .G‘;% TGQTACAAMATGTTCT Receplo
r

Phaorbot aster TAE  TGACTCA APY

Serum SRE  CCATATTAGG | SRF

common control of a large number of . Aarge
genes, and we seek lo answer two gquestions
about this mode of regulation: what identifies
the common largel genes lo the transcription
facior; and how is the activily of the Iranscrip-
tion factor itsell regulated in response to inwin.
$ic or exirinsic signnls?

genes under common

the consensus sequence. {n promoters, the ele-
ments are not presem at fixed distances from
the startpoint, bul’ are usually <200 Lp upstream
of it. The presence of a single element usually
is sufficlent to confer the-regulatory respens
but sometimes there are multipde coples. .

Response elements may be located in pro-
moters or in enhancers. Some fypes of elements
are typically found in one rather than the other
usually an HSE Is found in a promoter, while 3
GRE is found in an enhancer. We assime th
all response elements function by the “""
gencral princlple. A gene is regulaied b °
sequence at the promoler or enhdncer thal ©
recognized by a specific protein. The P’°““
Junctions as @ iranscription Jactor needed
ANA polvmnerase to indtiate.” Active yﬂ"’”’
avatlable only under conditions when the, £ *
to be expressed; its absence means that the o
moter-is no! activaled by this particular

An example of a silsalion in which ™
genes are controlled by a single facior 5 V':‘
vided by the heat shock response. This i o ,|
mon to a wide rapnge of prokaryotes
eukaryotes and involves mulliple 00"""““‘“
genc expressiom: an increase in lempeR
lurns off \ranscription of some genes. turms © u“
transceipon of the heat shock geme o..
causes changes in the translation of
The control of the heat shock geaes HY#
the differences between prokam“‘ o
eukaryolic modes of control In. bacteris: gnd
sigma factor is synthesized that OIrect® o
polymerase holoenzyme 1o recognize &

e
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